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I  INTRODUCTION 


Operation  AVEFRIA,  which  was  conducted  by  the  Defense  Nuclear  Agency 
(DNA)  and  the  Los  Alamos  Scientific  Laboratory  (LASL) ,  consisted  of  two 
shaped-charge  barium  plasma  released  into  the  ionosphere  at  about  195  km 
altitude.  The  releases  occurred  above  the  Tonopah  Test  Range  in  Nevada 
on  the  mornings  of  8  and  18  May,  1978.  The  release  times  were  1144  and 
1135  GMT  respectively  for  AVEFRIA  UNO  and  AVEFRIA  DOS. 

Although  AVEFRIA  is  the  latest  in  a  series  of  barium-release  opera¬ 
tions  intended  to  simulate  some  aspects  of  high-altitude  nuclear  effects, 
particularly  those  of  degradations  of  satellite  communications-command- 
control  functions,  the  specific  AVEFRIA  objective  was  to  test  the  useful¬ 
ness  of  the  shaped-charge  technique.  It  was  expected  that  the  shaped- 
charge  barium  plasma  injection  method  would  provide  a  promptly  striated 
ion  cloud,  which  would  allow  use  of  fixed  ground  stations  rather  than 
expensive  airborne  platforms  for  rf  propagation  experiments.  Operation 
AVEFRIA  very  successfully  proved  these  expectations. 

The  efforts  reported  here  involved  fixed  ground-based  measurements, 
which  used  signals  from  the  ATS-6  geostationary  satellite.  Amplitude- 
perturbation  and  dispersive-phase-perturbation  measurements  were  made  at 
360  and  1550  MHz.  The  reference  frequency  for  the  dispersive-phase  mea¬ 
surements  was  3950  MHz,  the  amplitude  of  which  was  recorded.  A  novel 
technique  was  used  to  phase-lock  the  360  MHz  ATS-6  beacon  signal  to  the 
1550-  and  3950-MHz  signals,  which  elminated  any  unknown  fluctuations  in¬ 
herent  in  the  master  oscillator  for  the  360-MHz  signal  on  board  the 
spacecraft.  By  using  such  high  measurement  and  reference  frequencies, 
the  measurement-distorting  effects  caused  by  scattering  and  diffraction 
were  greatly  reduced,  and  in  most  cases  eliminated  entirely.  This  ex¬ 
periment  was  also  very  successful. 

Because  this  contract  called  for  an  assessment  of  the  quantity  and 
quality  of  any  data  collected,  only  quick-look  data  analysis  has  been 
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carried  out.  These  show  that  rather  long  duration  occultations  were  ob¬ 
tained,  and,  in  one  case,  the  effects  lasted  almost  twenty  minutes. 

Since  occultations  were  achieved  at  both  stations  on  the  two  AVEFRIA 
events,  four  occultations  were  obtained  overall.  As  expected  from  the 
choice  of  high  operating  and  reference  frequencies  and  the  small  amount 
of  barium,  rf  effects  were  generally  very  small.  Fades  at  UHF  rarely  ex 
ceeded  5  dB,  and  amplitude  fluctuations  always  remained  within  -15  and 
+5  dB  of  the  unperturbed  signal  level.  Amplitude  fluctuations  at  L-band 
were  much  smaller  than  that,  of  course. 

The  first  part  of  this  report  is  a  description  of  the  experiment. 
That  is  followed  by  a  presentation  of  some  of  the  results. 


II  DESCRIPTION  OF  THE  EXPERIMENT 

A.  Overall  Design  and  Equipment 

The  standard  dispersive  phase  technique  was  used  to  make  these  mea¬ 
surements.  They  were  accomplished,  however,  in  an  innovative  way  because 
a  much  higher  frequency  reference  signal  was  provided  using  a  novel  tech¬ 
nique.  The  new  technique  was  to  lock  the  6.15-GHz  PLACE  uplink  signal 
to  the  360-MHz  beacon  signal  received  at  a  ground  station  where  scintilla¬ 
tion  activity  would  be  usually  weak  or  nonexistent.  Figure  1  depicts  the 
arrangement. 

As  designed  for  the  PLACE  experiment,  the  ATS-6  transponder  can  be 
operated  in  a  phase-locked  mode  in  which  signals  at  1.55  and  3.75  GHz 
coherent  with  the  6.15  ±  0.012  GHz  uplink  signal  are  transmitted  from  the 
satellite.  The  frequencies  of  the  1.55-  and  3.75-GHz  signals  are  related 
to  that  of  the  6.15-GHz  signal  by  the  factors  31/(3  X  41)  and  25/41,  re¬ 
spectively.  Thus,  a  particularly  good  choice  for  the  multiplication 
factor  at  the  reference  ground  station  between  the  received  360.144-MHz 
downlink  beacon  signal  and  the  locally  synthesized  6.15-GHz  uplink  signal 
was  12/(5  X  41)  because  it  led  to  a  relatively  convenient  ratio  of  12/125 
between  the  360-MHz  and  3.75-GHz  downlink  signals. 

Standard  dispersive-phase  measurements  can  be  made  at  any  measure¬ 
ment  ground  station  using  the  3.75-GHz  downlink  signal  as  the  reference. 
The  measured  phase,  however,  includes  substantial  phase  shifts  because 
of  the  two-way  path  between  the  satellite  and  the  reference  ground  sta¬ 
tion.  Suppose  that  the  dispersive  phase  along  that  path  follows  the  1/f 
dependence  expected  for  undisturbed  ionospheric  conditions  and  is  equal 
to  at  ^60  MHz.  Then,  if  the  path  is  d  meters  long,  the  phase  dif¬ 

ference  referred  to  360  MHz  between  the  360-MHz  beacon  signal  and  the 
3.75-GHz  transponder  signal  is  given  by 
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FIGURE  1  ATS-6  PHASE  LOCKING  TECHNIQUE 
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Because  d  changes  very  slowly  for  a  geostationary  satellite  and  be¬ 
cause  A936Q  was  slowly  varying  as  well,  this  technique  provided  a  good 
measurement  of  phase  changes  caused  by  disturbed  conditions  along  the 
measurement  path.  Such  changes  were  much  more  important  than  the  total 
phase  shift  for  the  AVEFRLA  operation. 

The  most  cost-effective  choice  for  the  reference  ground  station  was 
to  use  the  single  remaining  ATS- 6  ground  station  at  Rostnan,  N.C.  Because 
the  satellite  was  only  about  12°  above  the  horizon  at  Rosman,  there  was 
some  concern  that  the  fairly  long  transionospheric  path  might  cause  a 
problem.  No  difficulties,  however,  were  experienced.  Figure  2  shows  a 
block  diagram  of  the  additional  equipment  installed  at  Rosman.  An  exist¬ 
ing  antenna  was  made  available  for  this  experiment.  The  amplitude  and 
phase  of  the  downlink  signal  was  monitored  and  recorded,  but  no  anomalies 
occurred  during  the  tests  (local  thunderstorm  activity  caused  some  drop¬ 
outs  on  a  non-test  day). 

To  keep  hardware  costs  for  this  experiment  down,  the  SRI  project 
staff  determined  that  the  ground  station  receivers  could  readily  be  built 
using  DNA-owned  receivers  built  for  the  SECEDE  program  by  Electrac,  Inc., 
and  available  at  SRI  International.  These  receivers  use  tracking  filters 
and  were  designed  to  measure  relative  amplitudes  and  differential  phase 
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(required  for  phase  locking  the  ATS-6  communications  subsystem  to  the 
ATS-6  radio  beacon  experiment  signal) 

of  four  coherent  signals  at  145.7644  MHz,  291.5288  MHz,  437.2932  MHz, 
and  874.5864  MHz.  They  were  used  for  the  present  experiment  by  down¬ 
converting  each  ATS-6  signal  to  one  of  these  four  frequencies. 

The  approach  used  to  implement  these  conversions  is  presented  in 
Figure  3.  The  design  shown  in  this  figure  permits  the  use  of  the  Electrac 
receivers  in  their  present  configuration.  The  only  additional  hardware 
necessary  are  readily  available  items  and  hardware  already  designed  and 
tested  at  SRI  on  previous  projects. 

The  design  of  the  ground  station  was  an  open-loop  configuration  in 
which  no  phase-locked  loop  is  used  to  stabilize  the  HP-105  oscillator. 
However,  the  short-term  frequency  stability  of  this  oscillator  (1  X  10  ^ 
for  10  s.  Is  and  10  ^  s;  and  1  X  10  ^  for  10  ^  s)  was  sufficient  to  per¬ 
mit  the  collection  and  interpretation  of  data  on  phase  perturbations  in¬ 
duced  in  the  UHF  and  L-band  signals  by  the  ionosphere. 

Table  1  presents  the  link  calculations  for  the  measurement  link. 

The  following  antennas  were  used: 

(1)  360-MHz  channel;  3m  (10  ft)  dish 

(2)  1550-MHz  channel;  1.8m  (6  ft)  dish) 

(3)  3751-MHz  channel;  1.2m  (4  ft)  dish. 

The  link  SNRs  were  quite  adequate  for  this  application. 
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Analog  data  recording  was  used.  The  amplitude  and  pair  of  phase 
signals  at  360  and  1550  MKz  were  individually  recorded  on  six  separate 
tracks  of  an  FM  tape  recorder.  In  addition,  the  3650-MHz  reference  sig¬ 
nal  amplitude  and  a  10-kHz  IRIG  time  code  signal  were  multiplexed  onto 
the  seventh  channel.  One  of  the  phase  signals  from  each  of  the  measure¬ 
ment  signals  were  recorded  in  r^al  time  with  a  strip-chart  recorder.  Al¬ 
though  the  strip  chart  recorder  was  provided  primarily  for  monitoring 
the  experiment,  it  also  acted  as  a  backup  in  case  of  primary  recorder 
failure. 


B.  Geographical  Layout 


A  simple  analysis  involving  rocket  dispersion  parameters  to  deter¬ 
mine  the  probabilities  of  achieving  occultations  indicated  that  while 
two  ground  stations  were  much  better  than  one,  adding  a  third  station 
was  not  justified.  Table  2  presents  the  results  of  that  analysis;  shown 
are  the  probabilities,  Pnym»  of  n  successes  in  m  times  of  the  actual 
release  point  being  within  3.5  and  5  km  of  a  line  of  sight.  Because  the 
barium  injection  was  to  be  toward  the  east  and  the  cloud  was  expected  to 
drift  west,  the  two  stations  were  aligned  in  roughly  an  east-west  direc¬ 
tion.  Figure  4  is  a  map  of  the  station  locations,  which  were  in  the  vi¬ 
cinity  of  Ely,  Nevada.  They  were  named  White  Pine  East  (WEP)  and  White 
Pine  West  (WPW) ,  after  the  county  they  were  in.  Table  3  lists  the  station 
coordinates.  The  Los  Alamos  Scientific  Laboratory  colocated  one  of  their 
optical  stations  with  each  of  the  two  SRI  receiver  sites. 


Table  2 

PROBABILITIES  OF  SUCCESS 


Distance 

from  Release  Point  (km) 

£  3.5 

£  5 

P1 

Pl/2 

P2/2 

P1 

Pl/2 

P 

2/2 

1  Station 

0.68 

0.90 

0,46 

0.85 

0.98 

0.72 

2  Stations 

0.87 

0.98 

0.76 

0.97 

0.999 

0.94 

3  Stations 

0.95 

0.998 

0.91 

0.996 

«  1 

0.992 

Figure  5  shows  the  spatial  relationship  among  the  receiving  stations, 

the  nominal  release  point  at  195-km  altitude,  the  actual  release  points, 

and  the  points  where  the  signal  paths  from  ATS-6  penetrated  the  altitudes 

at  which  the  barium  releases  actually  occurred.  Both  releases  occurred 

well  to  the  east  of  the  nominal  location,  but  the  westward  drifts  of  the 

clouds  ensured  that  four  occultations  were  achieved.  Table  4  lists  the 

nominal  and  actual  release  positions,  and  Table  5  shows  the  coordinates 
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FIGURE  4  GROUND  STATION  LOCATIONS  NEAR  ELY,  NEVADA 


Table  3 


GROUND  STATION  LOCATIONS 


Station 

Altitude  (m) 

N  Latitude 

W  Longitude 

White  Pine  East 

1829 

39.39.167 

114.82479 

White  Pine  West 

2178 

39.39045 

115.07623 

Table  4 

NOMINAL  AND  ACTUAL  RELEASE  COORDINATES 


Event 

Altitude  (km) 

N  Latitude 

W  Longitude 

Nominal 

195.0 

37.650 

116.54 

Uno 

193.1 

37.617 

116.394 

Dos 

190.1 

37.700 

116.325 

Table  5 

SIGNAL  PATH  PENETRATION  COORDINATES 


Event 

Ground  Station 

Altitude  (km) 

N  Latitude 

W  Longitude 

Uno 

WPE 

193.1 

37.687 

116.419 

WPW 

37.689 

116.649 

Dos 

WPE 

190.1 

37.695 

116.406 

WPW 

37.698 

116.636 
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of  the  ATS-6  signal  path  penetration  points.  The  angles  between  the 
geomagnetic  field  and  the  signal  paths  at  the  release  altitudes  were 
about  26.5°. 

C.  Operations 

The  equipment  was  fielded  according  to  schedule  and  was  entirely 
operational  by  the  first  day  in  the  launch  window.  Some  minor  problems 
were  encountered  because  of  lower-than-anticipated  temperatures.  These 
were  solved  by  installing  a  larger  generator  at  one  site  and  a  sufficient 
number  of  heaters  to  keep  the  equipment  warm. 

A  schedule  was  established  with  the  NASA  ATS-6  operations  office, 
whereby  several  hours  of  time  were  reserved  for  the  AVEFRIA  operation  on 
potential  event  days.  Approximately  one  and  one-half  hours  before  an 
event  the  attitude  of  the  ATS-6  satellite  was  shifted  to  point  its  an¬ 
tennas  toward  the  ground  station.  This  move  was  n  cessary  because  of 
the  narrow  beamwidth  of  the  L-band  antenna  on  the  spacecraft.  Then  the 
proper  subsystems  were  activated,  phase  lock  was  established,  and  the 
L-band  transmitter  was  turned  on.  Although  the  duration  of  operation 
was,  in  principle,  limited  by  the  large  power  drain  of  the  ATS-6  L-band 
transmitter,  that  was  not  a  factor  for  this  AVEFRIA  experiment. 

Amplitude  calibrations  were  made  by  means  of  variable  attenuators 
between  the  preamplif ier/downconverter  systems  and  the  main  part  of  the 
receivers.  Calibrations  were  carried  out  both  immediately  preceding  the 
events  and  after  all  possible  effects  had  ceased.  There  were  no  phase 
calibrations  per  se;  that  information  can  be  recovered  from  the  data  it¬ 
self  using  a  histogram  technique. 

It  was  noticed  that  the  Doppler  shift  caused  by  satellite  motion 
and  total  electron  content  changes  along  both  the  measurement  and  phase¬ 
locking  signal  paths  varied  in  regular  and  predictable  ways.  Thus, 


AVEFRIA  location  data  were  generated  by  J.  Clynch  of  the  Applied  Research 
Laboratories,  University  of  Texas.  The  latitudes  are  geodetic  and  alti¬ 
tudes  are  referenced  to  the  geoid. 


before  the  events  the  Doppler  offsets  were  set  by  the  operators  to  small 
values  so  that  zero  offset  would  be  reached  several  minutes  later.  The 
idea  was  to  reach  zero  Doppler  shift  during  the  expected  middle  of  the 
occultation  period.  The  phase-locked  frequency  synthesizers  permitted 
setting  the  Doppler  offsets  to  a  small  fraction  of  a  cycle  per  second. 
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Ill  RESULTS 


Discernible  amplitude  fluctuations  spanned  fairly  long  time  inter¬ 
vals  during  both  events.  However,  the  perturbations  were  generally  quite 
episodic,  apparently  resulting  from  particles  of  structured  ionization  or 
striations  passing  through  the  signal  paths.  Table  6  presents  the  earli¬ 
est  and  latest  times  after  release  of  amplitude  fluctuations  seen  at  360 
MHz  that  may  have  been  due  to  the  releases.  Table  7  shows  the  time  spans 
of  greatest  360-MHz  signal  fluctuation  and  semi-quantitative  estimates  of 
the  fluctuations  that  occurred  during  those  times.  Large,  isolated  per¬ 
turbations  of  brief  duration  happened  at  other  times  as  well. 

Figures  6  through  9  show  strip-chart  recordings  of  the  360-  and 
1550-MHz  amplitude  fluctuations  during  the  periods  of  maximum  perturba¬ 
tion.  There  are  significant  differences  between  the  natures  of  the  per¬ 
turbations  measured  at  different  stations  even  on  the  same  event.  The 
differences  are  due  to  temporal  or  spatial  differences  in  the  structure 
of  the  ionization  causing  the  perturbations.  By  far  the  largest  effects 
occurred  on  the  WPE  AVEFRIA  DOS  occultation. 

As  expected,  the  L-band  amplitudes  were  only  slightly  perturbed. 

This  is  an  indication  that  no  appreciable  phase  shift  (i.e.,  <  1  rad) 
took  place  within  the  distance  of  one  Fresnel  zone  at  1550  MHz.  At  that 
frequency  the  radius  of  the  first  Fresnel  zone  was  about  365  m.  In  con¬ 
trast,  the  360-MHz  Fresnel  zone  radius  was  about  755  m. 

Figure  10  shows  a  portion  of  the  amplitude  and  one  of  the  quadrature 

phase  signals  at  360  and  1550  MHz  for  the  WPE  AVEFRIA  DOS  occultation. 

Even  through  the  UHF  Doppler  offset  was  only  0.6  Hz,  it  is  very  difficult 

to  isolate  cloud-induced  phase  shifts  in  this  type  of  a  record--the  trend 

must  be  subtracted  first.  Nevertheless,  it  appears  that  phase  shifts  at 

UHF  were  not  much  greater  than  one  radian.  We  note  that  an  integrated 

10  2 

electron  density  (electron  content)  of  4.2  x  10  el/cm  is  required  to 
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Table  6 


TIMES  AFTER  RELEASE  OF  EARLIEST 
AND  LATEST  POSSIBLE  PERTURBATIONS  AT  UHF 


Greatest  Extent  of  Times 
of  Possible  Perturbation 

Event 

Station 

Earliest 

Latest 

UNO 

WPE 

T  +  2m  53s 

T  +  5m  53s 

WPW 

T  +  lm  27s 

T  +  10m  27s 

DOS 

WPE 

T  +  2m  28s 

T  +  7m  44s 

WPW 

T  +  0m  05s 

T  +  19  m  40s 

Table  7 

TIMES  AFTER  RELEASE  OF  GREATEST 
ACTIVITY  AT  UHF 


Event 

Station 

Time  Span 

Amplitude  Fluctuation 

UNO 

WPE 

2m  53s  -  3m  54s 

+1,  -3  dB 

WPW 

3m  40s  -  7m  42s 

+3,  -5  dB 

DOS 

WPE 

2m  30s  -  5m 

+5,  -10  dB 

WPW 

8m  30s  -  9m  25s 

+1,  -3  dB 

WPW 

10  m  08s  -  12m  58s 

+1,  -3  dB 

produce  one  radian  of  phase  shift  at  360  MHz.  The  corresponding  phase 
shift  at  1550  MHz  is  about  13  degrees.  The  more  rapid  fluctuations  that 
can  be  seen  in  the  1550-MHz  phase  record  in  Figure  10  appear  to  be  some¬ 
what  smaller  than  that  value. 
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TIME  —  minutes  after  release 
FIGURE  6  AVEFRIA  UNO.  WHITE  PINE  EAST.  UHF  AND  L-BAND  AM 


PRE-EVENT  TIME  —  minutes  after  release 

CALIBRATION  +5  +6 


FIGURE  7  AVEFRIA  UNO,  WHITE  PINE  WEST,  UHF  AND  L-BAND  AMPLITUDE  vs.  TIME 


TIME  —  minutes  after  release 
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FIGURE  8  AVEFRIA  DOS,  WHITE  PINE  EAST,  UHF  AND  L-BAND  AMPLITUDE  vs.  TIME 
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FIGURE  9  AVEFRIA  DOS.  WHITE  PINE  WEST,  UHF  AND  L-BAND  AMPLITUDE  vs.  TIME 
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FIGURE  10  AVEFRIA  DOS.  WHITE  PINE  EAST 


IV  CONCLUSIONS 


Four  occultations  of  varying  durations  and  intensities  of  effects 
were  achieved.  The  strongest  effects  were  +5  to  -10  amplitude  fluctua¬ 
tions  and  phase  perturbations  on  the  order  of  one  radian.  That  corre¬ 
sponds  to  electron  content  changes  of  several  times  10^  electrons  per 
square  centimeter. 

Only  quick-look  data  results  could  be  reported  here.  Detrending 
the  phase  data  to  isolate  perturbations  due  to  the  AVEFRIA  ion-cloud, 
would  constitute  the  major  part  of  any  future  data  reduction  effort. 

The  data  have  been  digitized  already.  Comparisons  should  then  be  made 
with  data  collected  by  the  Los  Alamos  Scientific  Laboratory,  which  in¬ 
stalled  image-intensified  optics  at  collocated  ground  stations.  The 
overall  objective  would  be  to  derive  spatial  frequency  spectra  of  the 
shaped-charge  AVEFRIA  barium  releases. 

In  general,  the  ATS-6  experiment  was  quite  successful.  All  of  the 
equipment  worked  normally.  It  was  demonstrated  that  the  ATS-6  communica¬ 
tions  subsystem  could  be  phase  locked  to  its  beacon  transmitter.  This 
provided  a  very  high  frequency  (3950  MHz)  reference  signal  for  dispersive 
phase  measurements. 
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